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More receatly (Eul'vanovakiy et al. [9]), there is evidence
that still further refinement of the techaiques for studylug the
bloslectrical activity of neural specimens is teking plmufxo
Fig. 3)» This F-sheped wet chamber consists of a thin, glass hous-
dng the sise of which can be adjusted to conform to individual ex-
perimental conditions and problems. The maln feecturs of such o

Fig. 3. Wet chambe: for
studying the bloslectrical
activity of neural specimnna

" chesiber 18 the freedom of recording nerve bioputentials under
virtually normal, in vivo corditions, In their experiments, the
authors used wet chambera with the following dimensions: 5-ma glass

‘ tubing 15 m long with 2-mm projections for the insertion of platinum
eslectrodes., The electrodes are tightly fixed in the orifices of the
P-projections and are looped at the ends. The loops are 2 ra in dia~
mster and the distance between electrodes is 5 mm, These simply con-
structed charbers guaraantee constant electrical contact with the nerve

Since damage to the specimen can be avoided through the use of wet
chaubers, and since temperature and humidity integrity are assured

Yy the surrounding organs or tiasues, ths prolonged viability of neural
structures is poasible., While the applicution of such a system in micro-
ware research is not mentioned, it seems likely that the principle

could find application here if the sppropriste housing materials were

As earlier atated, relatively few definitive in vive and
especially in vitrc anvestigations on the neural effects of EMFis
have been reported ty the Soviets. Kholodov [10] studied the effocts
- of HF (1000 v/m) on neuronally ieolated sections of the cerebrun and
midbrain of rabbits. Exposure duration was 2-=3 min with 20--40-min
intervals between exposures. Kholodov compsred his results with the
ctrical activity of intact brains and found that the latent
period of the reaction of a neuronally isolated cortical specimen to
UIP vag 27 sec, as opposed to 53 sec for an intact braln. The UHF
sct duration for the former was shorter (1—5 min) than for
the latter (1520 min). Kholodov did not speculate whether these
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and mey be placed among the organs and tissuss containing neural epecimsrs.
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. the resul’s of this study are consistent with other, parallsl in-
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offects vere of a thermal or nonthermal pature and this could not
be ascertuined from the irradiation paramsters described. Howvever,

vestigations vhich have shovn neural excitation to be charscteristic
of the rezponse t6 microwave-range M'q. . . .

Perhaps the best controlled and most definitive research on

: the effects of microwaves on specific neural functions is reflscted

in a report by Yu. I. Kemenskiy [11], vho studied the functional

stats of the frog nerve n. i{echiadicus, 4 exposure to pulsed
and continuous 10—12.5-cm vaves (1-1{ :/ﬁ). In this study, he

£irst determined the thermal paramsters of the microvave reginens

used and selected an intensity of 11 mw/cm?, which vas sufficient

to increase the temperaturs of the neural specimen by 1°C after an
exposurs of 20—-30 min. The effects of continuwus microvaves (12.5 om,

- 11 mt/cn?, exposure duration 20 win) were studled in the first serics.

In 34 tests, no reliable changes in threshold sensitivity vere noted,

- - 'The author did note, however, increased conduction rate, abbreviated

. absolute and relative refractory phases, and altered action current
© suplitude, which he jidged to be of a thermal nature.

Most interesting were his tests with pulsed microwaves (10 cm,
1 msec pulse, 700 pulses/sec, exposure duration 20—=30 xin), Here, & .
definite increase in peural conduction and excitability was observed
snd was juiged to be a result of the nonthermal (specific) effect.
His reason for this conclusion was that at a frequeancy of 700 pulees/sec
(pulse interval 1.4 msec) there vas a summation of nsural shifts. The
pulsed intensity of radiation bere was 1400 times greater than the mean
devel of iAntensity during continuwus irradistion, Also, at frequencles
of 100 and 200 pulses/sec, the pulss {nterval (5=-10 msoc) vas too
great to result in suzmation, "Finally, the 0.,2°C increase obssrved

- in specimen temperature during pulsed irradiation could mot explain

the five- to tenfold increment in conduction rate over values ob-
tained vhen specimens were physically heated. .  Thus, definits, re-
oordable shifts in neural excitation were observed during pulsed -
10-ca-wtave irradiation which could not be observed during continw

. drradiation. The results of this investigation support the widely

beld Soviet viev that pulsed microvaves are more biologically active :

- 4n the neural sense than continwus (nonpulmed) microvaves.

Curicusly, there is no evidence that Kamenakiy has continmued
research along these lines since 1964. However, another spprosch
vhich has recently received more attention is being pursued by

by
. Presman [12],with whon Kemenskiy has collsborated in the past [s).

-
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in [12] Presman stulied the effects of pulsed and continuous

12.5~cn wvaves on the so-called exritable system of paramecia. as

possible approsch to revealing the nonthermal mechanimms of micro-

e effects on higher neural structures. Me had previously demon-

Srated that paramscia, when exposed to a~-c and d-¢ currents, ex- . :

Ibited an "electric shock reaction" (ESR) at certain threshold doses. - .
this study, he exposed paramecis located in a polystyrene chanber "

411ed vith & hay infusion and attached to the microvave gererator +o

sntinuous, 12.5-cm vaves in doses of one per second (dose duratiorn

100 msec). This parametor resulted in a reaction similar to the

ISR, A second series was exposed to pulsed (200—700 pulses/sec)

O-cu vaves with 7—=50 mycc durstions once per second. Thiu para-
ber_revealed that the mean powver threshold values for pulsed micio-

aves vere higher than for contisucus microwave values, Ao in =

nakiyts study vith the frog nerve [11], a cumilstive effect was
steristic of the pulsed 10-ca vavea. It is interesting to note

Proumen used the same par: s Kamensiciy used in lis experi- .

o Since both these researchers collaborated in the dosign of

dpment for these neurally orievted studies, it is entirely possible

jat they both used the same hardwary, '

Fresman's third and fourth series of investigation were deaigned

5 ascertain vhether microuvavas sensitized puramecia to electrical cur-
tse It was found that microvaves decrreased the throshold voltage

scossnry to evcke vn ESR. The author interpreted these results, to-

sther with the fact that heating did not exceed 1.5°C in ary series,

> indicate the nonthermal effect of microwaves., His arguments against -
therml explanstion of the mechanism of the observed microwave effects

Te as follovss 1) excitation threshold values for pulsed and con-

wmous xicrowavea were a function of the quadratic root of their dose

o0 or- seriess and 2) virtually no relstionship between pulsed-

hireshold power and frequency was noted. Presman was satisfied that

1S spproach and the data obdtatned in this study would help to clarify

ihe mechunism of microvave effects on the "excitable" (noural) struc-

ures of higher animala, ' :

Preszan's results have closely parallelsd Kamenskiy's, despite
: erence in the specimens studied, Since Presman and Kamennkly -
re (or still are) collsborators, the sume -approaches to the problems
AL neural reacticns to microwuves have been employed. ill of the -
Wies troated in this section, including Presman's and Kamenaslkiy! s,
ongly favor the theory that the mechaniem of microvave effects on
oural or neural-like structures is nonthernal, based on experiments
g8 Vhich threshold or nonthermal field intensities were investigated.
» Vhile ore might expect that the interesting results of the studies
ntioned here weuld lead to an increased research effort in this area,

been ro recent perceptible increase in the number of articles
oted to thia problem.

1
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&« In vivo neurul effects

- - A large complemont of the Soviet research community devoted .
to the neural effects of microvave-rangs EMF!s has used & more in-
diract approach to the problem. Here, the function or behavior of
the whole organisa or parts of it are studied during the action of
various EMF irradiation paramsters (local or wvhole-body irradiation).
External, or functional patterns are deduced to reflect internal
nyuaral effects in the udsence of any investigation of the neural
structure itself. As regards the problea of classifying microwvave
noural offects us thermal or nontheraul, the results of many inmvest-
igations ure dowbtful in tuis respect inasmuch as the biophysical,
chemical, and aven thermal parameters of allegad nonthermal effects
have not beon invostigated. Another drawback of this indirect
npproack is the difficulty (if not absolute impossibility) of deter-
. Hning just hov much microvave energy has reached ' the neural struc-
tures in question, This problem of comparative, in vivo/in vitro
tissue dosime is of open coacern to many Soviet researchers,
Preszen [5,6,13] in particular. The general consensus is that com-
prehonsive research nn this problem is absolutely necessary if the .
specific mechanisms of EMF effects are to be revealed. Nonetheless,
the majority of Soviet researchers in thin field feel that the be-
havioral and functional spproach to studying EMF effects is a valid
ons in that it is possible to obsorve trends in bilological responses
to EMP's whkich clearly differ from responses to other, better under-
stood stimuli, Therefore, this saction will review soms of the more
recent works supporting this belief,

As far tack us 1960, Premman [13] concluded that "Experimentsl
stulies in the Soviet Union and adbroad have clearly indicated that,
along vith a thermal effect on the living organisa, sicrovaves also
have a so-called 'specific' effect” (a term that Presman coined him-
self). Funoticnal shifts have been obeerved in the nervous and
cardiovascular systems, as well as hematological and metabolic changes
resulting from chronic exposure to 10-—12-cm UHF at nonthermal in-
tensities of 5~10 mv/cat. He was cautious enough to f iat out that,
" "The effective (medical) epplication of a specific effect of micro-

vavas is poaaible only if the mechanisms of such an effect have been
fully established." . . . .

It should be mentioned here that many different microwave
research-oriented groups are active in this approach to reve
the behavioral and functional mechanisms of EMF effects. In fact,
it is safe to say that lhygienists (both military and civilian),

13
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wwaiologists, blalogists, and theoreticians have at ons tims
ingaged 10, oF still are pur xicrovave research on animals
lbd their various aystems, LT o
. } : D
© Gozodetaksya [14], representing the active Ukrainian
roup at the Bo ts Institute of Fhyyslology, studied the
rects of SHF (3 em, pulse frequency 577 cps, power density
b2 w/csf) on the benavior of mice (and their progeny) situated
0 ca £rem the generator. To "eliminate™ thermal affects; con-
irol animals were convection-heated in an incubator for 15 min
s temperature of 52°C had been attained. This teaperature
.. paralloled microvave-induced texpersture increase.
Borodetskoys found that SHF had a more pronounced effect than
t on the genitsl organs, and thorefors on the progeny of ir-
ated animals, and that femals animals vere more sensitive
» SHF in this respect. Changes induced by convectional heat in -
hamatopoietic organs vere less severs than SiP-induced changos.
Df interest Telative to the neural offects of the wave range vas
he fact that the experimental animals exhidited mors promounced
ponditioned-reflex reactions in the form of negative responses
han the controls. These reactions were found to be woat pro-
pounced immediately after the termination of irradiation. While
omvection-heuted animals began to recover ore day after exposure,
SHF-1rradiated animals did not begin to recover until the thixd
gror fourth day after exposure; recovery was virtually complete for
gicontrol anirals on the second day, while for SHP-irradiated animals,
t took five days. Gorodetskeya thersfore concluded that SHP has
WX pronounced effect than coavectisan hoat. The results of thls
Fotuly spport the “specific® effect theory of Premman [5,6,13],
e g-Ca tﬁ? w&?“;omm:-mu the t:i that
i are very active ™
this vas & "hot® (0.2 w/ca?) experimeat, neural and other respanses
T® observed that cou'd not be explained by a purely thermal effect.
It is therefore possible toat the nonthermal or specific effects of -
:g:vm EM's can be observed oven under highly thermal microvave

" Another representative of this growp, Fayteltberg-Blank [15]

intestina) glucose absorption processes of isolated preparaticns
from dogs and rabtits, Unfortunatoly he did mot describe the radia-
tion paremeters of the experiment in much detail. For instance, it
Sould not be ascertained how far the preparations were located from .
the 58 generator, what the power density of the field around
Preparations was, vhether pulsed or nonpulsed microvaves wers
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used, vhat the thermal parametoers of the specimens studied were,
- aod therefore, vhether the effects obrurved were of a theramal or
- mnthml m‘ﬁmc P S o et
Innervated, partially densrvated, and completely denervated

specimens were invostigated and the results vere processed using e
msthod o variation statistics. Faytel'berg-Blank found that a
ton-minuts exposwre of the epigastral region to a 70-v, 12.6~-cm
veve field did not alter intestinal glucose absorption in a dog
whoss solar plexus had been eliminated., He concluded that sym-
pathetic nerves, the solar plexus in particular, participate in

the transmission of a microwave effect from the epigastral region -
€0 the iatestinal region. The vagosymputhetic system also plays -
a substantial role in this respect. When vagosympathetic nerves
_are blocked at neck level, the stimulating effect of UHF on re- °
- -sorption is impeded. When spinal ganglia are blocked, UHF slightly
_ elevates the level of resorption but to a lesser degree than when
~ the ganglia are intact. The role of skin receptors wvas also dom-
_ . . onstrated, Thus, not only peripheral neural elements of the GI
tract, but aleo central nervous mechunismas were observed to de
Tesponsidle Jor transmitting UHF effects., However, since soms
shifts in resorption were cbserved even in denervated specimens,
Tayteltberg-Blank proposed that humoral factors are also affected
by UHF. In an atteopt to furthor reveal UHF mechanisas, he studled
ceoll respiration in the specimens and found that UHF caused a shift
in this function also., He speculated that this might be a reflex - .
response (UHF ucting or controlling neural elesents) or evideace
of a direct UHF effect on the cells. .

The results of Faytel'berg-Dlank's study are difficult to
interpret. Hovever, the stimulatory effect of UHF on neural struc-
tures again vus observed. This sgrees with the results of most
other investigations so oriented. : :

Amother resorption study vas conducted by Yatsenko (16], who
" nvestigated the effects of a 20-min exposure to 12.6-cn waves (40 v,
. b0 values for power flux denaity or the distance of the preparation
froa the 5-=6~cn electrodes of the "Luch" generator given) ca the
absorption of radioactive phusphorus by knee-joint syncvial mem-
branes. This function was studied in norsal animals and those with
severed spinal cords., Abesorption activity wvas found to increase
during the uction of UHF. Spinal cord elimination alona retarded

. absorption, wnile under the effects of UHP, synovial absorption
increased, Yatsenko felt that this was avidence of a direct UHF

15
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effect on synovial receptors and cited Paytel'berg-Blank [i5] . .
relative to the effects of UHF on peripheral nerves, Agaln, - - -~
gince no thermal parmmeters vere mentioned in this study, it i» '
unsafe to speculute that this stuly demonstrated the specific ...

effect of UHF on central or peripheral neural fusittion, S

Semenov [17] better described the radiation parsmeters in
aa investigation of the thermodynamcs of innsrvated and denervated
‘femoral tissues in rabbits exposed to 12.6-ca vaves (150—300 mw/ca,
presumibly a monpulsed field, 10-ain exposure duration, J-, 4-, and -
-24=hr intervels betweecn exposures), This was clearly a hot exper-
‘{ment and the author described in detuil typical teaperature-increase
valws for femorul tissue during irradiation. Somenov attributed .
" & tharmal cumulation or summation effect to neurvreflectory processes
_ 4n the central nervous system. To test this hypothesis, he snesthetised
sninils and increased power density from 150 to~300 -:/’ “and found
that the cumulative thermal effect was almost entirely precluded, He
vas therefore sutisfied that sufficiently intensc UHF fields are
goverful stimulants vhich disrupt normml CNS adaptive processes, par-
ticularly tissus thermoregulation. Regrettably, he did not compare
the offacta of UHF with the effects of convection or local heating
40 wdd further strength to his conclusions. Hovever, his study must
be considered us further evidence that microwuve EMF!'s affect CNS
functions. ’ )

Using snother approach to the prodlea of revesling microvave
. aeural mectanisas, Pukhov [18] investiguted the effects of neuro-
tropic drugs (caffeins and medinal) on the viebility of mice exposed
to thermal (50 ms/cx*), nonpulsed, 12,6~cm vaves from a Luch-58 ther-
speutic generator. Exposure durations vere 10 and 15 min, or the '
tine necessury to kill the snimals. Animals vere irradiated 10 min,
60 min, and 24 hr following medinal injection and 60 min after caf-
felne injection. Pukhov found that caffeins, oving to its CNS stim-
ulatory effect, statistically decreased the visbility of irradiated
animals, or, depending on the d>se sdministered, resulted in no change.
administered 24 hr prior to irradiation increased the viability
of animuls owing to its hypothermic effect. He could only conclude
from this stuly that the mechanism of microwave effects on CNS func-
tions requires furthor study. Here, the thermal (S0 mu/czf) doses
Used would render difficult any concrete conclusion as to the speci-
fic effects of microwaves, especially nonpulsed waves, which Kamenskiy [11]
&nd Presaun [5,6] fesl are basically thermal in their effect, Bowever,
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this study wvould indicate that nonpulsed, thermal, 12.6-cm waves
did hav) an excitatory effect on the CNS, - - - D e

"~ In an isteresting article by Malakhov [19]), the effects of
wesk, nontherzal doses of UHF on ccnditioned reflexss vere con-

- sidered fyonm the standpoint that such fields might plsy an im-
portant role in actually triggering reflexss. Malekhov feels that
this problem is germane to the hypotheais that UHF, or microvave
range fields, might act as "infrmation carriers” of extrasensory
signals (see the conclusions and discussion of this report).

- To test this hypothesis, he attempted to develop conditioned :
reflexes t0.a 13,7-ca UHP field (20 mv/ca?) in mice by using 20-sec .
Lo conditioned (UHP) signals and 15-sec unconditioned signals. Re- -
it .. sponses were-recorded oscillographically, The results of this ex-
wote - - periment were disappolrnting in that reflexes to UHF, vhile deson-
strable, were characterised by a long period of developmert, insta-
bility, a short residual effect, and rapid extinction., This same
trend vag cbaserved by Kholodov [10], vhose stulies vill be discussed
in more detail in the next section. Malakhov could only conclude
veak UHF fields are of 1little “informative" (stimulatory) value
to mssmulian CNS patterns. He did stuto, howevar, that his results,
while dissppointing, deserved further investigution and that various

animals (species not given) can serve as indicators (sensors) of
mlcrovave-range EMFls,

In a very recent article, loshuk [20] described an interesting
axperiment_conducted to reveal the combired effects of pulsed WHF
(1.0 mwv/ca?, other radiation parameters not given) and lonising radi-
ation (180-kv x-rays, 900-r vhole-body dose) on vhite rats, Here,
three groups of males were irrudisted dally (2-hr exposure duration)
30 timea. The first group wes locally (head only) irradisted vhile-
the second group was wlwle-body-irradiuted by UHF, The third group
vas used as a control and was irradiated by x-reys only.

The results of this stuly did not show preliminary microvave
irradiation to have any protective effect, although Loshak, on the
basis of other studies (not cited) had felt it might), He found, in
fact, that pre-UHF exposure actually resulted in a more rapid mortal-
ity of x-ray-irrsdiated snimals in both groups. The survival time

. for locally, pre-UHF irradiated unimals was 17.1 + 3.2 days, for
Vhole-body-irraliated animals, 11.9 ¢ 1.0 deys, and for control animals,
20.8 + 2,1 daye. Thus, decreased resistance to x-rays was the end

product of nonchermal UHF exposure. Loshak attributed these results .

|
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‘study would imply that theso organs are sven more seasitive toi=% -
decimter-vave radiation than neural structures in viev of the ¥ -
saximm wortality of wvhols-body-irradiated animals, Loshak-:tated
that the lifespuns of these arimals indicated heaatopolstic injury
(especially of the bone marrow). . :

Unfortunately, loshak's article appeared in ebatract form,
making it difficult for the reader to draw any concrete conclusions,
eipecially those relative to the rols of the CNS in this study.: Row-
over, the fact that the growp of locally (heed only) irrsdiatod anti-
mala also shoved decreased resistance to x-rays is of interest,::1f,
as loshak stated, hematopoletic iajury vas responsidls for decreased
resistance to x-rays, an explanation is needed for the decreased s~
(though not drsmatically 80, e.g., 17.1 ¢ 3.2 days vs. 20.8 £ 2,1
days) resistance of cerebrally irradiated animals, Abdove all, the
fact that such a demonstrable biological gffect vas observed in .~ -
response to such a low-intensity (1 mv/ca®) decimster-vave £10)4 - -
is thought- king at the very least, since it would indicate s
" " Euonthornl) bioiogical effect of UHF, loshak's cbiaerva~
tions also support the general Soviet opinion that pulsed microvaves
are highly active in the biologicul sense. .

to the affects of URF on Bematopoletic structures, which in 4
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5. Reural effects cf low-frequency electromagnetic and
. megnetic rields -

This section will briefly reviev some recent research on the
peural effects Of /sub-microwave-rangs EMF's and constant magnetic

fields, This area of research is of interest (with respect to uag-.

petic fields in particuler) bacsuse Kholodov {26,27], vho it now
active in magnetic field research, 1s also actively interested in
research on the neural effects of microwave-range EMP's [10].

While research on lov-frequency Oor very-lovw-frequency EMP's -
has been rather limited in scope and quantity, it is spparent from
tha resecarch of Petrov [21]) (1929), wvho initiated comprehensive re-
search in this area, that Soviet interest in the biological effects
of EMP's has had 3 long history, Petrova last article in 1952 [22)
denmonscrated a wesk and unstable reflex reaction to a lov-frequency
EMP, Since then, Sazonova‘s research [23,24] ard Plekhanov's recent
study [25]) are the only indication of a continistion of Petrovie
approach, T

Sazonova (23] investigated the neural function of raebdits ex-

posed to a 50-cps EMP generated by two 10-M transformers through

?Oo-x 500-uma electrodes separated by 1200 mm, Each transformer

ruratcd a 65,000-v field, The n. tidialis nerve (in vivo) ves

tudied using an orgographic setup vhich wmade it possible to load .
the pavs of the aiimals with weights, Treiving prior to experimenta- -
tion required one month. The field intensity reanged from 3001000 v/cm.

He found that these EMF parsmeters hal a deleterious effect on motor
function and tha% the effect of a 1000-v/cn ficld was more readily

spparent than the effect of a 300==400-v/cm tield,

In ber second study {(24], Sazonova coutinued to investigate - - -
the role played by the central nervous system in the motor activity
Of rabdits exposed to the same S50-cps EMP, Here,she used stimulatory
an! inhivitory zeurotropic drugs- (dibasol, novocain, aminazine) as a
22thod of better revealing the neural mechanisms of the EMP effect,
Aninels were irradiated one hr daily, six days per week, for a womth, -~ .
In this study, a 100,000-v/o field was used, She found that inhiditd L
of the reticular forumation (tests with aminazine), ar elimination ofi{ - -~
other neural pathvays (novocain) delayed EMF-induced fatigue, Ene '
hancement (didasol) of CNS activity resulted in more rapid fatigue,
Sazonova thus felt thatshe had demonstreted un EMPF effect on the cen-
tral nervous systsm relative to its perticipation in motor functions,
It is interesting that the results of this study ere similar to-the
results of some microvave experiménts which indicate a stimulatory
effect of EMP's on neural structures, Perhaps, as Osipov suggested
in 1965 [32], a wide wove range of EMF's have a more or less anslogous
effect on the central nervous system,
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More recently, Plekhenov [25] studied the effects of e low-

a plethysmographic technique vwhich he felt was the best approach bes

(120 av/a varistion), a conditioned reflex was noted vhich wvas - - igst

that the mechanisms of the reception of this EMF range are to be
found in the retina and skin receptors, the latter being specific

EMF receptors, He concluded, however, that any living cells,
especially neural cells of the brain, are EMF receptors, and that
the mechanism of intracellular reception might be physicel and chemi-
cal in nature, The possidility that EMF effects might be analogous
to weak doses of {onizing rsdistion wes not discounted, This would _ -
render the lov-frequency EMF & Sonspecific stimilus, .
- - As- 10 the effects of magnetic fields on "excituble" and peural

: * structures, it is notevorthy that Yu. A, Kholodov [25,27], the lesding
soviet apokesman for this research effort, has also bveen active in re-
search on the neural effects of microvave-range EMF!s {10]. In many
respects, the approaches to investigating the neural mechanisms of
nagnetic field effects have paralleled the aches to the microwave
problem, Kogan et al, {28], like Presman {7], studied the behavior of
paramecia in cepillary tubes exposed to magnetic fields of 160--1E0 oe,
Twenty to thirty time mcasurements vere.mede before, 60--80 during,
and 20-=30 after the action of the magnetic fields, It was found that’
paramecia preferred the south pole of a megnet, that magnetic effecis
vere gradusl, and that Lhnse effects persisted after removal of the

- fi¢ld, The effect of a mugnetic field was found to be a function of
~. Adts strength, Kogan did not use Presman's approach to this problem,

E " .in that be did not study the sO-called electric shock reaction, He

. concluded that the mesgnetin effects he observed might be extracellu-

, .lar 4n pature (physice) eand chemical changos in the medium), and that

fals extracellular phenomenon might serve to explain the effects of
% megnetism on the functional state of organs and tissues., Nogen 4id .
.. 0% discount the possibility that magnetic fieids might directly

oo 6ffect dntrecellular processes slthough he did not speculate on the

POssible mechanisms of such effects, KXogan did not cite Presman's

; study [;{]- por 4id he discuss the so-called excitable gystem of

.4, Daramecia, C : :

Kholodov [26] reviewed the results of some of his investigations
on fish, frogs, and rabbits exposed to intermittent (50-cps) megnatic
fields ranging in intensity from 1 to 1000 oe (aversge, 100--300 oe),
He found that pigeons did not develop conditicaied reflexes to magnetic
fielas, vhile fish did,  He felt that reflexes were affected by mag-

. Detlc fields via the diencephalon or diencephalic structures (he also
rntiomd these structures as EMF receptors in his microvave research

in intect enimals and 63% of the time in neuronally isols*~d semples. .
e approach here vas analogous to his 1964 microwave study and, inter-
t:"“@-’ enough, the results were similar in showing a mwegnetic field
O Be a dlrect stimulus of the central nervous system. However, the

20

frequency (735-ke) EMP on human conditioned reflexes to cold, using @ -

cause of its sensitivity. A porttble diathermy generator was used, - - . -
He found that vhen field voltage was veried from 220-330 wv/m .  .iiwr- -

Y s

sttritutebls only to the varistion in field voltage, e speculated- i

10]. EEG's showed magnetic reactions by raddit brains 53% of the time -
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effects ot other tuctors 1n this etudy ehould not ve d.is-..ounted
since, as Kholodov pointed out, vurla:ble (so tps) magnetic fields
- were used,

S In the same investigation, Kholodov studied the impulss
wtiﬂty of .23 1sOlated .cortical neurons. ' He could not detect any -
-'* change in thef¥ background activity during exposure to his magnetic
f£ield parameters, but did note that their sensitivity to light in-
creased during, end one win after the action of the field, While

Kholodov vas cautious in pointing out that the mmber of neurons
studied vas insufficient to drav any concrete conclusions, he men-
tioned that a morphologicel analysis of glial cells showed them to
be highly senasitive to magnetic fields (he did not specify whether -
he meant constan’ or verisble fields), He suggested that the bio-
physical mechaniesms of magnetic field effects on nmeural structures
might wvell be slucidated by tracing the chemical activity of glial
cells, the trophic function of vhich is generally accepted. ,
mlodmr Plans further research on this epproach,

Tt will be inmteresting to see how (if at all) Kholodov's
magnetic field research affects trends in future microwave research
in viev of his active interest in the latter,

Recently, Chizhenkova (29], as if in response to Kholodov's
research, {nvestigated the FBO activity of rabbits with chroaically
implanted electrodes (sensorimotor area of the right cerebral hemis-
phere) exposed to 300-oe constant magnetic fields, Activiiy before,
during, and after the action of the field was monitored usiang six
animals in 604 tests. He observed a definite stimulatory effect of
the magnetic field and shoved ¢that it was not a function of switching
the field on or off. He would not speculate oo vhich CRS structure
vas a specific receptor of EMF's, and suggested that his future
efforts would be devoted to comparing uwagnetic effects with those of
vesk doses of fonizing radiation., This might imply that Chizhenkova

- 4 unsure vhether magnetic fields have a cgpecific effect on neural
structures, -

_ In his most recent communique, Kholodov [27] diccussed the
biological effecta of magnetic fields in terme of space biology end
medicine., He proposed the use of magnetic, antiradiation fields for
spacecraft and also stated that experiments have showvn that fluctua-
tions in magnetic field intensity shorten the lifespan of rats, in-
crease the hunan flicker-fusion threshold, and affect the orienta-
tion of unicellular algae, higher plents, insects, mollusks, fish,

and dbirds, Such fluctuations also afféct the general health of people,
as reflected {n hospital statistics, Increased magnetic field in-
tensity stimulates motor activity, decreases sensitivity to some )
stimli, and affects EEG activity, Conditioned reflexes to a magnetic
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field can de developed in fisgh, but not in pigeocns or rabbits
(despite the alleged effects of magnetic fields on the furcer).
Humen visual images are eltered during exposure to a magnetic
¢ield under the influence of hypnosis (see ths discussion et the
end of this report) and mescaline, Kholodov restated his belfef
that megnetic fields primarily affect glial cells, as reflected
4n ipdividual neuron activity (perhaps he ves referring to his
1965 zesearch, although he 4id not cite any publications in this
). Ee also stated that "magnetically treated vater has a

diological effect,” although he did not discuss the mechanisms
or pathvays ¢f this alleged phenowenon,
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In general, it would appear from Kholodov's statements and : &
yesearch that the effects of lov-frequency EMP's and magnetic '
£ie1ds (especially intermittent opes) have a direct effect on neural .
structures, and that these effects are similar to those produced by
'gontheimal microwave intensities, It will be extremely interesting ' Sl
“to 'see vhether Kholodov's view that the diencephalon end glial cells - . - "
are specific EMP and MP receptors will be borne ocut by future Soviet < ;?
3 research,

Ve

e

)
.
)
)
e
-

.ﬁ::-hh‘- At

l.‘.. .
-

.
L N S

|
2

N RSP
OGN 2

L]
N
1

4

.'.'._.._
T SRR

.
e
..
»
.
Ky




R LR T T T P,
, )

" 6, Clinical, therapeutic, and bygienic aspects

Soviet concern for the sctusl effect of nicmvé.w ENF'S

on humans has been nO less intense than their theoretical interest

" in these fields, Moreover, this report wvill shov that the last two

years (especially 1966) have yielded a dramatic increase {n the
volume of material devoted to the therapeutic, clinical, and ..:
especially hygienic aspects of human exposure t0 microvaves and
even magnetic and electric fields., Presently, the chief spokeswman
for hygiens 1s Yu. A. Osipov [32].

Othervise, smaller and more 1solated groups are sporsdically
active in this field, Atenelishvili [30], for example, compared :-

the effests of various physiotherapeutic procedures oa human motor

response to light, The effects of UHF, diatherwy, and pine batls

vere investigated, Ko UHP radiation parameters wvere descrihed, A

total of 71 patients with gastric disorders was exasmined, Ll of

vhon received UHP therapy, Atanelishvili found that UHF stimulated - -

__motor reactions in the majority of cases, However, he obtained’

basically the seme results froa diathermy and bath procedures,
rendering any conclusions as to the specific effects of UHF on the
central nervous system doudbtful, He concluded that all three pro-
cedures altered the functional state of the CNS, vhich undoubtedly
Plays a prominant role in the positive effects of therapy.

As regards the hygienic sspects of humen exposure to micro-
vaves, it should be noted that this area of concern is of interest
€0 both the military and civilian commminities, The Soviet military
medical service bas played an active role in assessing hygienic
conditions and the state of workers expdsed to radar flelds, .
Kapitanenko [31] conducted a clinicel investigation on 100 young
militery personnel (66 cxnued to redar, 34 coatrol), UHF fields
wvere generated by deci'eter end centimeter generstors., He did not
provide any dosimetry data. .

Kapitanenko -oncluded that the nervous system was the first
systen to react to UHF, end that the severity of neurological dis-

. orders vas a function of field intensity and duration of exposiure,

Asthenia wvas a prominsnt neurological symptom of the deleterious
sharply pronounced and were judged to b2 reversidle, No specific

"effect of Ud?, Cardiovascular disorders, also observed, were not {

therapy for UHF syamptoms is knowm, although positive results have
been obtained from: 1) intravenous injection of a L0% glucose,
5% ascorbic acid solution (dose and frequency of administration
not given); 2) a strychnine and securinine solution (dose snd sd-
ministration details not given); 3) ginseng (no details given);
and L) 0,005 g of dibnsol three times per day.
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In bis Yook revieving hygienic problems of human exposure
to microvave-range EMP's, Ouipov (1965) (32] considered dsta froa .
es far back as 1933 relative tc the effects of microvave-range ENF's
on the huran pervous system and other systems, Among the many buman
CRS symptoms of microvavesconasistently reported by Soviet observers

are: loss of memory, migraine healaches, inscumie, dizziness, irri- ' '."‘ .

tedility, dermogrsphism, sand loss of appetite. Autonomic disorders
have been chardcterized by changes {a cardisc, hepatic, and gastro-
{ntestinal function. As Qaipov cees it, sutonomic dystoniz 16 a
comoa syaptom of exposure to microvaves, Ep concluded that the
most common And persistent neural symptoms of microveves are neur-
ssthenie and autonomic (primarily vegotonic) dystonis, These
aycptoms are als0 observed as a result of exposure to the combined -
effects of microvaves and x-rays. Most uicrovave-induced shifts
‘ere reversible, e.3., pathologicnl damage toO neural structures is
‘dsually insignificant, according to Osipov. Rarely, microvaves caa .
‘csuse ballucinatiors, syncope, and sdynamia (the diemcephalic .

ot -
WS - Osipov feels thad the effects of EMF's are qualitatively
ddentical within a vide spectriun (from long to ultrashort vaves,
300 ke to 30,000 ke), His opinion 4s well borne out by the articles
ewed in this report, and although he does not discuss prodblems of
’ exposure tO purely magnetic and electric-fields, it should be roted
fthat Vyslov et al.[38] mention many symptoms characteristic of micro-
F-vave effects (heedaches, tremors, elevated pain semsitivity, dernog-
£ regbisn) in workers exposed to constant megnetic fields (150-=1500 cz2).
. Asanova [39] reported charscteristic microwave symptoms (dermographisa,
- eardiovascular shifts, trumors, hyperbydrosis, hesdache, fatigue,
@sthenia, drovsinecs) in workers exposed to electric fields
§15~125 ¥ aap) in 400=500-kv hydroelectric stetions, .
g"ﬁ - Osipov also notes veports of reduced sexual potency and bade .
#1088 induced by microvave.range EMP's. He feels that the latter
ﬂm be sttributed to the neurasthenic syndrome, although he states
M & "psychological factor" should not be discounted,

b4y .

V.. It should be mentioned that Osipov, unitke Presman, Kholodov,
; .K:ukt:r. and others, 1s inclined to regard the lov-intensity

 $7ects of microvaves as “microthermal" effects rather than non-
thermal effects. .

i S RS

8ince Osipov's comprehensive review, there has beea a virtual
« deluge of articles from the Institute of Industrial Hygiene and
‘_.swpltiond Diseases devoted to the hygienic aspects of wmeter-to-
;,_n‘tmtuedter-rm fields. Here the military effort sbould not be be-
+ Smurova et al, [33] investigated medical persomnel woriing
' ;me ghauothempy generstors (1.6 to 2450 me, A equals 184 m to
.To€ c@)s He found that vorking conditions around these sources
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exceeded permissible exposure limits, e.g., 20 v/a or 19 wv/ea®, by
es much 88 tvo orders of magaituda (1701000 mv/ca2). Eere again,
the charscteristic ENP syndromns were noted (hesdache, frritengiity,
inscmnis, chest /'pain, dermogrmphism, acrocysnosis, hand tremor, etc.).’
Impeirment of light sensitivity end dark asdaptation were juiged to
reflect incressed CRS sensitivity., The characteristic cardyee

vers also noted, Sourova concluded that the vide wave range
cf fields studied were dsleterious to buman health, an observetion
vhich agrees with the findings of Osipov (32]. -

Drogichina et al. (1966) [34] concentrated on the mtemomic and
cardiovascular disorders of persomnnel exposed to microvave-range fields
up to & "fev av/cu?" in intensity. Along with the fanlliar asthenic
syodrome, this group found that eutonomic cardiac disorders weire the
most persistent characteristic of exposure to microwvaves, Ty ulso
attrituted diencephalic disturbances (interesting in view of ‘ibe theo-

- retical msterial discussed in this report) and coronary spesss to
microvaves, A
Bt ¥
Fukalova [35] scught to establish permissible limits for per-
sonnel exposed to shortvave (6==450 v/m) and ultruhort-mj’ﬁg
(4==220 v/m) sources, She concluded that all observed CN3 W
cwised by these EMF's vere aggravated by inefficient work-restie
Fatigebility was the most prouwinent of the familiar CIS sympt
observod,

‘.
S

To establish exposure norms, Fukalova exposed animals to k-,
88-, and 63,7-mc fields (5000 v/m) snd found that anirals 4n the
ultrashort-vave range vere killed within 5 min, vhile 1 hr and 4O min
vas required for death in the shortvave field, She found the pone -
thermal threshold intensity (no incresse in body temperaturs) for
ultrashort vaves vas 150 v/m and for short waves, 2250 v/m, Cbronic .
(duration not specified) exposure 40 these intensities caused s de- s
cresse in medulla oblongata cholinesterase activity more rapidly during 3

10 ultrashort vaves than during exposure to short vaves, .

Brain biopotentials vere depressed., An ultrashort-vave inteusity of
10 v/n and a shortvave intensity of 50 v/m were found to be "threshold
irritants,” As in Lobanova's study [7], an ultrashort-wave intensity
of 150 v/m vas sufficient to ceuse thickening of neural fibvers, pro-
toplasnic svelling and vacuolization in the thalemo-hypothalamic sred
and medulla oblongata, and local karyocytolysis of individual neurons.
Shriveling of occasional cortical pyramid cells and newron vacuoles
vas also noted, On the basis of these data, permissidbic buman ex-
posure intensities (duration of exposure not given) were set at 5 v/
for ultrashort-vave fields and 20 v/m for shortvave fields.
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The Soviet military mcdical service regards the peural and
other effects of microvave-range EMP's no less seriously than the
civilien commmnity, Professor I. R. Petrov [36], a Major Ceneral
in the medical service and wemder of the Academy of Medical Sciences
USSR, concurs vith the findings of the civilian community in that a
microvave-field intensity greater thas 10 mv/cz? comstitutes a therzal

bazard, and that microvave-range EMP's directly affect the human CNS.

Panov [37] in e recent article not only sgrees that microvaves
range EMF's directly affect human neural processes, byt classifies
these effects into three familiar symptoms: 1) the meurasthenic syne
drome (reversivle), ambulstory treatzent indicated; 2) sutopomic
vagotonic dystonia (occasionally stable and irreversible), bed rest
inddicated; and 3) the dlencephalic syndrowe (visceral dysfumction,
hyperscumnis, hypokinesis, latent or overt hypothalemo-hypophoseal-
sdrenal depreasion, depressed sexual erd food reflexes), Diencephslic
chenges are not alvays reversidle and bed rest is tndicated.

Thus, this section reflects the unanimity of the Soviet
civilian snd military commnities, vhich feel that microwvave-range
BE's (above 10 mw/ca?) constituts an Occupational bazard and that
these fields affect the human central nervous system, Sowe Of the
clinical observations discussed in this section would tend to support
the findings of such researchers as Presman, Kholodov, Kamenskiy, and
others, vho fael that nicrovaves exert a specific or nonthermal effect
on peural structures.,

Discussion

Frou the foregoing meterfal, little doubt can remadn that the - (T
majority of the extcnsive Soviet community concerned with the dice AN v
dogical effects of EMF's (and MP's) are of the opinion that these -~ .-

fields, especially in the microvave range, directly affest neural
structures and that peural structures (especially the CHS) are the

wost sensitive to microveve-range EMP's, CHS effects have been ob-

served as a result of exposure to both nonthermal snd thermal in-

tensitics of pulsed and nonpulsed microvaves, The resesrch of the

ailitary and civilian compunities has been largely parallel, There

18 sowe recent evidence that purely magnetic and electric fields ..
can be included as microvave-like CNS stimuli, .

!
At the present time, Soviet opinion holds thet EMP's; 1) affect C.:;
the structure end chemical reactivity of neural cells {Pressman ’ !
{5,6,8], Kxholodov {10,26,27), Kemenskiy [11], Tolgskeya (L], !
Livahits {1,2], and lLobanova (7] and others; 2) that they may also
effect the molecular structure of neural structures by virtue of
Tesonant or other ebsorption (Presman {5,6]; and 3) that the cffects
of R(f's are qualitatively analagous for a wide frequency range <
. 3
i
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(100=30,000 kc) and that nonthermal effects may, in fact, be of &

"aicrothermal™ nature in the absence of wors concrete evidence to :

the contrary (Ceipov [32] and Presman (6]).

The relstionship between Osipov [32] and Presmaa ([6] should
be mentionsd since there is a slight disagreement between the two
relative to the nonthermal effects of microvaves, Osipoyv, vhile ad-
mitting there is evidence that microvaves have a blological, e

-

especially @ neural uffect at fleld intensities which do not produce

verceptible thermoiynamic charges, feels that it is experimentally -
dmpossible to demonstrste a specific, e.g., nonthermsal, microvave
effect by comparing that alleged effect with a thermoecjuivalent con-
trol, He reesons that since biological objects are elecirically
heterogeneous and since microwvave.range EMF's have a knovn selective -
thermal effect on various tissues and organs, a difference dbetween a
microvavs effect and a neutral Leat effect is not necessarily due to
an unknown extrathermal factor, tut might well be a function of en
uneven distritution of hest in the organisa vhich could exert its own
peculiar effect, The specific action of & microwvave EMP, in Osipov's
viev, should only be understocd as a demonstradle transfer of ENF
energy into nonthermal energy. He therefore feels that the many .
alleged "nonthermal” microvave effects accepted by Presman may vell

be "microthermal” effects in the sbsence of conclusive experimentel
evidence to the contrarcy. :

: Presnan, on the other hand, is nore inclined to believe that
if a microvave ENF does not result in any perceptidle temperature
shifts in an organita, then any change in its bebhavior, function,
or structure can be attributed to the nonthermal mechanism of the.
EMF, even if it is experimentally impossible to deémonstrate that
thermogenic and nonthermogenic EMP intensities each give rise to° |
different reections. In short, Presman feels that there is smple
evidence of the nonthermal effects of microvave-range EMFs by virtue
of an ebsolute temperature criterion vhile Osipov feels that, vhile
northernmal effects are entirely possidle, they have not es yet deen
a8 well substantiated physiologically as thermal effects,

Far from ebating, Soviet research efforts in this erea shov
every indication of comtimuing at their preseat pace or even in-
tensifying, as reflected in the recent large review articles,
chiefly by Presman and Osipov. Presman's last coamprehensive reviev,
like Osipov's, vas published in the last half of 1965, At the iine
of that writing, he estimated that spproximately 1000 vorks had been
pudblished on the biological and medicel aspects of microvsve-range
EMP's, That reviev, unlike his previous ones, concentrated heavily
on the possible mechanisms of EMF bdiologicel effects. Most of the
recent articles discussed in the 1965 review were cited by him as
evidence of thermal, and, wmost interesting, nonthermal or specific
effects of EMP's, “herefore, it would not be inmprudent to expect
that more attention will be paid to the blophysical mechaniems of non-
thermal R{F neural effects than has been in the past, although at
the present time, there is little evidence to support this expectation.

27
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What the purpose 1s of such intense peuraily oriented research
4{n the reala of microvaves, by Soviet theoreticiarns and practitioners
13 not entirely clear to this observer.  While Osipov (32] states -~
thet thermal intensities &re encountered much less frequently under "' -
industrial condilions cving to improved hygienic practice, clitateal '~
evaluations of ths $oizntial hazards of nonthermal intensities ion-
tinue at s stesdy pace despite his theory that so-called nontheimal »
effects night vell be "zicrothermal®,

Presman [6) speculates that microwvaves cen de dsveloped into
s valuable tonl for evaluating the physical, cherical, and, especially,
molecular properties of tissues, The tharapeutic uses of microvaves -
have been vell estadblished. Cousidering the rapid davelopment of -
iaser technology, it seems logical to expect tbat Soviet ‘theoreticieans, ..~ . ..
researchers, and hygienists wvill soon turn their attention to the bioe - - |
logical, and perhsps even neural, effects of this fector, The Soviet: .- -
use of lssers for ocular surgery is already well known (Helzholtz Ine ..
stitute of Eye Disenses). Recently, the first Soviet report to come .o
to the attontion of this obse-ver on the biological effects of ruby -~ ..
laser radiation wes publisaed, Gorodetskiy ot al, [k2] descrided
experiments designed to study the laser adsorption characteristics
of blood, gkin, fuscle tissue, and various other animal organs anrd
tissues. No peural structures werv mentioned, nor had asgy of the
suthors'! nemes ever Ybeen noted 4{n connection vith microwave-oriented
biological research. It seems reasonable to speculate, howvever, that
the valuable experience gathered by microwave regsearchers would resdily
lend {tseif to laser prodleams,
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Of incidental interest relative to the possidle ramifications
of microvave rescarch is the receat announcement [40] that a specilol
bioinformation section has been organized under the aegis o the _
Moscov Boerd of the Scientific-Technical Society of Rediotechnology
imeni A. 8. Popcv, The purpose of this section {s to study pare- _ -
psychic phenomens; it 1s cauposed of redicengineers, technologists, )
hyprotists, medical doctors, biologists, and physiologlats, includ-
ing A. S. Presnen, Yu. I. Ksmenskiy, and Yu. A. Xholodov, the three
leeding Soviet spokesaen for the nonmthermal effects of micirovaves = °
(end magnetic fields) oun meural structures. This group held its . .7
first meeting on 11 October 1665 to discuss “Scoe Problems of Pars~- o
psychology.,” The section will proceed to analyre the world liters~
ture on parapsychic phencmens, to record and classify observable
cases of “spontanecus™ telepathy, and actuelly conduct oxpericents ‘
dealing vith naturally reproducible telepathic phencwena, Professor
and Doctor of Technical Sciences I, N, Xogan, Chairwan of this Bioine
formation Section, stated in the annocuncement that, “The cra of sen=
saticn concerning telepathic phencmena {s over. There is no need O
dispute its existence, but rather & need to investigate its nsture,’
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Since the initial snnouncewact of the organization of this
section in early 1566, orly one sdiditio=al Bit of information has - ..:-.
come to the attention of this obse:ver ccncerning the sctual fune. . -
tion of thst section [4l). This unsigned newspeper article pud-
1gshed on 9 Octoder 1966 mentions the familiar name of Yu. I, Kanen-’
skiy as a participant 4in a telepatbic experiment designed to differ-

entiste the effects of s normal szd hypootic state on memtal . 0 )

suggestion,
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